Landslide monitoring has benefited from recent advances in the use of image correlation of high 9 resolution optical imagery. However, this approach has typically involved satellite imagery that may 10 not be available for all landslides depending on their time of movement and location. This study has 11 investigated the application of image correlation techniques applied to a sequence of aerial imagery 12 to an active landslide in the French Alps. We apply an indirect landslide monitoring technique (COSI-13 Corr) based upon the cross-correlation between aerial photographs, to obtain horizontal 14 displacement rates. Results for the2001-2003 time interval are presented, providing a spatial model 15 of landslide activity and motion across the landslide, which is consistent with previous studies. The 16 study has identified areas of new landslide activity in addition to known areas and through image 17 decorrelation has identified and mapped two new lateral landslides within the main landslide 18 complex. This new approach for landslide monitoring is likely to be of wide applicability to other 19 areas characterised by complex ground displacements. 20
Introduction 24
Landslide monitoring is a very important part of any landslide hazard assessment, providing a 25 measure of the rate and direction of slope movement in order to quantify any potential landslide 26 risk. Different types of monitoring techniques can be employed, depending on the scale and 27 frequency of observations required; they include in-situ instrumentation, but these provide 28 movement data at a single location on the landslide; and are often difficult to install on very active 29 landslides. Other options include remote ground based monitoring such as ground based radar 30 (Monserrat et high resolution topographic data are unavailable, either due to the age of the movement or simply 46 through a lack of data coverage. In these circumstances, the use of aerial photography can offer 47
With the end of this glaciation, ice retreat and the associated climatic amelioration, the river 136 network gradually re-established within the valley, cutting through the Quaternary deposits to form 137 the Drac river and the drainage network observed today. It is this sequence of events, the deposition 138 of a thick sequence of Quaternary deposits and subsequent down cutting that has generated the 139 conditions conducive to landsliding in this region. 140
Glacio-lacustrine deposits are very common in previously glaciated regions of the world, where pro-141 glacial lakes have formed in which thick sequences of laminated silts and clays (varves) have been 142 deposited. Their geotechnical characteristics tend to lead to highly unstable behaviour (Fletcher et 143 al. 2002) , particularly where these deposits have been uplifted and subsequently eroded. 
Data and methods 163
The aim of the project was to evaluate the use of image cor-relation techniques for landslide 164 monitoring of the Harmaliere landslide using aerial photographic imagery. To this end, COSI-Corr 165 image correlation software was used to process a sequence of aerial imagery and derive two sets of 166 landslide displacement maps for the Hermaliere landslide. The data and methods are detailed as 167 follows: 168
Image correlation techniques 169
Where two epochs of imagery are available for a landslide site, it is possible to compare these 170 images manually using standard image interpretation to visually identify and map any changes that 171 have occurred, and thereby identify areas of landslide movement. Digital image correlation, by 172 contrast, uses statistical techniques to automatically match identical points in the two digital images 173 and then measure their offset (in x and y) and by doing so, create a two dimensional displacement 174 field across the landslide. 175
In this study, digital image correlation has been applied to a sequence of aerial photography using 176 
Aerial imagery 191
The multi-temporal analysis was undertaken using 1200 dpi digitalized aerial photographs purchased (Table 1) . 198 angle that contributes to a negligible stereoscopic effect. Camera calibration information was 211 sourced for each of the image sets from the Institut Géographique National (IGN) and used alongside 212 the aerial photography during the initial interior orientation stage. 213
Digital elevation model 214
The use of a digital elevation model is not mandatory when using COSI-Corr, however, in areas of 215 high relief it is important incorporate an elevation model to correct for the topographic effects and 216 distortions during the image matching process (Ayoub et al. 2009 ). In this study, we use the 217
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation 218
Model ASTER GDEM V2 at 30m grid posting and acquired from USGS. 
Workflow 245
The processing workflow for COSI-Corr is shown in Fig6 and comprises of five stages; interior and 246 exterior orientation, ortho-rectification, resampling and final image correlation. The initial interior 247 orientation establishes the relationship between the image and camera coordinate system using the 248 fiducial marks on the image and the camera calibration report to provide a measure of the camera 249 geometry and distortions (Dewitt and Wulf, 2000) . Once complete, the imagery is further 250 transformed during the exterior orientation, to real world coordinate space using GPS ground 251 control points, that provide coordinate and height information for each point located in the imagery. 
